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THE EFFECT OF INLEr PIPING SYSTEM ON THE RECI.PROC.A!riNG COMPRESSOR 
WORK 
Marian Luszczycki 
The Institute of Indust~ial Apparatus aPd Energetics, 
T.Kosciuszko Technical University of Cracow, Cracow, Foland 
ABSTRACT 
In the paper the criteria which should be satisfied by a reci-
procating compressor inlet piping system have been pressented. 
The inlet pipeline, proposed by the author, with a proper pressure 
pulsation and noise damper satisfying these criteria has been dis-
cussed. Dependences making it possible to calculate the relative 
filling factor which is a quantitative measure ot the compressor 
dynamic supercharging have been derived. A method of calculating gas 
mass natural vibration frequency in the inlet piping system has been 
discussed. which makes it possible to determine proper geometric di-
mensions ot the piping system. The results of experimental measure-
ments of the ettect of the proposed piping system on the compressor 
work and the level of noise emitted by its inlet to the environment 
have been presented. 
NOMENCLATURE 
a speed of sound 
~ - pipeline cross-section field 
At piston field 
C - piston volumetric speed 
D - pipeline inside diameter 
i number of cylinders 
l lenght 
m ordinal number of harmonic component 
p variable pressure of gas 





- mean gas pressure and density, respectively 
r crankthrow 
V volume 
w gas variable velocity 
x displacement coordinate 
Z mechanical impedance 




The deliverJ of a reciprocating compressor can be increased by dJnamic supercharging, i.e. bJ using wave processes in its inlet piping system. These phenomena affect the compressor delive~ most during the natural vibration frequencJ of gas mass in the inlet pi-ping SJStem or its part directlJ adJacent to the machine with the forcing frequency or its higher harmonic components. Such a case is called resonance supercharging. Resonance phenomena in inlet piping sJstems are accompanied bJ an increase of the total level of the noise emitted by the compressor to the environment, which is due to the increase of the aerodJnamic noise level. This requires pressure pulsation and noise dampers of higher damping efficiency to be ins-talled in reciprocating compressor inlet piping systems. Such dampers sometimes cause considerable resistance of flo•, which leads to a de-creaae of compressor delivery and increaaed power demand [1] , [2] , (3] , [4] • [6] • (?] • 
RELATIVE FILLING FACTOR 





In order to derive the dependence makins it possible to define the value of the relative filling factor it is necessa~ to solve differential equations describing the gas pulsatory flow in the inlet piping system with corresponding boundary conditions. The differe~ equations describing the gas pulsatory flow in a straight section of the pipeline of constant cross-section are derived with numerous sim-plifying assumptions on the basis of equation of motion, equation of continuity and equation of state [4] • The equation of state covers the gas specific volume changes under the influence of pressure ~aves. We assume the adiabatic nature of these changes. For subsonic flow w <a, neglecting friction and assuming minor density changes due to pressure pulsation, after adequate transformations we obtaio tile fol-lowing equations: 
op Clw 
0% ?o ~ 
~w 1 op (2) 
Clx <;'o a2 w 
where 
a 1(£R T 
[3) 
The boundary conditions for an inlet piping system are determi-ned by calculating its displacement coordinate from its open end. For this end the variable pressure is assumed to be zero. 
p ;:: 0 
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The bou~dary co~ditio~ from the side of the compressor is give~ 
in the form of a aependence of piston volumetric speed C = dV/dT 
on the cra~k angle or time. 




Assuming farther that: the suctio~ valve operates perfectly, 
the gas is sucked during cra~~haft half-turn, the cylinder dime~­
sions are small in relation to pressure pulsation wave length and 
the connecting rod 1s infinitely long, after numerous transformations 
we receive the dependences defining the relative filling factor. 
1. For a single-acting single-cylinder compressor: 
1 00 ae - m2 mY 
Aw = 1 - i L: (m2- 1]2 cos4 - cos2 'Pm + m=-2 2 
2 a 
'Jf [(de - 1) sin <f1 cos rp1 + ojf cos
2 if11] 
16 
2. For a compressor with two single-acting cylinders with 
antiphase of 1800 or a si~gle double-acting cylinder: 
00 
m2) cos2 rpm m1t' "• "' 1 - 2 2:: ( 1 - (m2 - 1) 2 cos4 m:2 '£ 2 
The value 9'm occurring in dependences (6] and (?] 
lated (for m "' 1, 2, ,, ••• ) from the depe~dence; 
m2 2 _ c..l 2 
tg ~m"' 
c.Jk 0 
2 ~ m c.Jk 
in which 




vo ~ i 
2 
co 










During resonance the natural vibration frequency of gas mass 
in the inlet piping system c.J 0 is equal to the forcing frequency 
or its higher harmonic component c.J 0 :: m "'k • The forcing frequency 
is determined by the compressor crankshaft rotational speed. In such 
case depende~ces (6) and (7) have the following forms. 
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For a single cylinder: 
Aw 1 - JL (for m = 1) 
2<1f 
(12) 
1 £ - m2 
cos4 
Dl'j( 
(for m = 2,3, ••• ) Aw :: 1 - (m2 - 1)2 ;l 2 
For two cylinders: 
2 
Aw = 1 -
(for m = 2,3, ••• ) 
Dependences (1~ aDd (13) can be successfully used for determi-ning theoretical possibilities of compressor dynamic supercharging. They make it possible to calculate theoretically largest increase or decrease of compressor delivery during the resonance of natural vi-bration frequency of gas mass in the inlet pipeline with the forcing frequenc~ or its higher harmonic components. The effect of dynamic supercharging depends on the type of gas under compression, since the value of the relative filling factor A
111 
depends on the exponent 
of the adiabate l "hose value may change over a l:lroad range. For a popular refrigerating medium Freon 22 (R22) X= 1,14 , for air ;£ = 1,40 and sin~le mono atomic gases de = 1 ,6?. By means of depen-dences h2) and (1~ the values of the relative filling factor have been calculated for t"o values ot adiabate e%ponent as follo"s: 1,14 and 1,40. The results ot these calculations have been shown in Fig. 1 in the form of dependence A
111 
f(m}. 
CAU:ULATION OF NATURAL VIBRATION FREQUEmY 
OF GAS MASS IN A PIPING SYSTEM 










The boundary conditions at the beginning and end of an actual piping system are given in the form of mechanical impedance. For a completely acoustically closed end impedance Z = oo • The condition of such end is satisfied by for instance connecting the pipeline to the compressor if we disregard the cylinder and valve chamber volume or a strongly throttled valve withiD the pipelioe. For a completely acoustically open end impedance Z :: 0. Such an end is found in case of, for instance, a pipeliDe end through which the gas is sucked in 
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o~ fo~ced out to the atmosphe~e o~ a tank of la~ge volume, the so-
called acoustically infinite volume. The mechanical impedance of an 
infinitely long pipeline of constant c~oss-section is dete~mined by 
dependence Z = A~ 9o a and is called pipeline ~ave impedance. 
The mechanical i~pedance of a closed tank of volume V, placed in the 




?o a Ar 
j w v 
(15) 
~he effect of certain fittings elements (valves, dampers, etcJ 
on pulsatory flow can be modelled by a flat throttling plate placed 
across the pipeline of an equivalent flow area. The mechanical impe-
dance of such a plate is calculated disregarding the active component 
from the dependence: 
z: j w (16) 
The value of Fock function F(%) oan be calculated with satis-
factory approximation from the following empirical dependence: 
(1?) 
A tank of a suitable volume mounted into a piping system divides 
it into two separate vibrating systems. In such case calculations 
should be done for each part separately. The condition of pipeline 
division into two parts is fulfilled when: 
where: 
(16) 
We.:.- natural vibration frequency of gas mass in the piping 
system between compressor and dividing volume, calcu-
lated without this volume, i.e. with the assumption 
that its volume V = oo (completely open end) , 
GJy- natural vib~ation frequency of gas mass in the piping 
system between compressor and dividing volume, calcu-
lated with this volume. The piping system behind the 
tank of the dividing volume in both cases in disre-
garded [4] • 
INLEr PIPING SYS~EM 
A reciprocating compressor inlet piping ·system is usually, compo-
sed of several sections of the pipeline of a cross-section of properly 
selected field, one or more pressure pulsation and noise dampers and 
a filter purifying the sucked gas. Such a system should ensure the 
compressor dynamic supercharging and prevent exceeding the level of 
noise emitted to the environment beyond the allowable one. This leads 
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to the fact that the resonance should be induced in the section of 
the inlet piping between the compressor and the pressure pulsation 
and noise damper. The damper, on the other hand, should enaure effi-
cient damping of aerodynamic and mechanical noises emitted by the 
inlet piping system to the environment. Inducing the resonance phe-
nomena in the section between the compressor and damper should at 
least eliminate the delivery loss caused' by the resistance of flo• 
through the filter and the pressure pulsation and noise damper. 
On the basis of the analysis ot compressor dynamic supercharging 
process done do far we can formulate the requirements that should be 
met by the inlet piping system of a reciprocating compressor. 
1. The geometric dimensions of the inlet piping system and place 
of mounting the damper should be chosen in such a way that 
during the normal compressor work the natural vibration frequency 
of the gas mass in it was near the resonance with the second 
harmonic component of the forcing frequency. 
2. The inlet piping system should have low hydraulic resistance 
so that it reduced the effect of supercharging to the smallest 
possible degree. This consequently means that the pressure 
pulsation and noise dampers iDBtalled in the inlet piping 
system should have low hydraulic resistance. 
3. The inlet piping system must ensure efficient damping of aero-
dyn~c and mechanical noises emitted to the environment. 
This requirement means that dampers installed in inlet piping 
must be highly efficient in damping over a wide range of 
frequencies. 
As can be seen the requirements for reciprocating compressor 
inlet piping s1stem are often contradictory so an optimal system 
must be a compromising solution. 
In Fig. 2 a diagram of the proposed inlet piping system with 
pressure pulsation and noise damper, well meeting the above require-
ments, has been shown. The damper used in it is a solution patented 
by the author (5] • The inlet piping system shown io Fig. 2 is compo-
sed ot a two-chamber damper 1 and inlet pipeline 2 with a reso-
nance cavity 10 connected with the pipeline with a ring gap or 
ports. In the damper there are two chambers: pre-damping chamber 2 
and chamber £with a tubular damping element ..2 located off-centre, 
the chambers being separated by a plate ~ located crosswise. 
The entry of damping element ~ is in the shape of a nozzle widen-
ing towards pre-damping chamber }, the wall of the damping element 
is perforated and the end closed with a scattering cone 1 . 
The inlet connector § is driven through the bottom to the pre-dam-
ping chamber 2 , off-centre and opposite to nozzle 2 . 
EXPERIMEUUL MEASUREMEMS OF THE PROPOSED 
INLET PIPING SYSTEM 
The aim of the measurements was to determine the effect of the 
proposed inlet piping system on the compressor work and the level 
of noise emitted by its inlet to the enVironment. The measurements 
were carried out on a small double acting reciprocating compressor 
of air. A compressor of special design with slide timing gear was 
used in order to eliminate supercharging loss caused by the effect 
of pressure pulsation resonance on the automatic inlet valves opera-
ting. So the effect of supercharging was reduced only by the resis-
tance of flow throu~ the inlet piping system. 
The measurements consisted in comparing the results obtained 
during compressor work without inlet piping system and one with 
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the system, at different rotational speeds and different outlet pres-
sure. The compressor delivery values Vd on the basis of which rela-
tive filling factors Aw were calculated, power demand on the com-
pressor crankshaft Ne and unitary energy demand for compression qe 
were compared. The unitary energy demand was defined as: 
(19) 
The tested inlet piping was designed and dimensioned in such 
a way that the natural vibrations frequency resonance with the second 
harmonic component of the forcing frequency occurred at the compres-
sor shaft rotational speed of ca. 3250 [rpm]. The tests were done 
at three different compressor rotational speeds: 3245, 3015 and 
2520 [rpm] and four different ou~let pressures of absolute values: 
0,70 , 0,8o , o,85 and 0,90 lMPa]. 
The results of the measurements have been shown in Fig. 3 as 
a diagram of dependence Aw = f(pJ for particular speeds. Fig. 4 
shows diagrs.m of dependences Ne = f (p111) , ~ d = f (pw) and qe = :f1p..J 
for one speed u = 3015 [rpm]. 
As can be seen from the diagrams of dependence A111 = f(p~ 
presented in Fig. 3, the applications of the proposed inlet piping 
system increases the compressor delivery by about 12 ~ in case of 
the resonance of natural Vibration frequency with the second harmonic 
component of the forcing frequency. The farther-the resonance, the 
smaller the effect of supercharging. In all the tested cases the ap-
plication of the inlet piping system increased the compressor deli-
very and compressing power demand, which was illustrated by diagrams 
in Fig. 4. The changes of compressor delivery and power demand due 
to the application of the inlet piping system always resulted in a 
minor decrease of unitary energy demand q8 • 
· The use of the inlet piping system reduced the level of noise 
emitted to the enVironment by 24 + 26 [dB). The intensit1 of noise 
emitted by the compressor inlet was always lower than 81 LdB A) 
when the inlet piping was used. 
CONCLUSIONS 
The presented and tested inlet piping system with pressure pul-
sation and noise damper satisfactorily meets the requirements for 
inlet piping system. It is an example of practical realization of 
inlet piping system by means of which the effect of dynamic super-
charging eliminates loss due to an increase Of inlet flow resistance. 
The changes of compressor delivery and power demand caused by the ap-
plication Of the inlet piping system result in a minor decrease of 
unitary compressing energy demand. The damper, which is an element of 
the inlet piping system, ensures sufficient damping of noise emitted 
by this system to the environment. 
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Fig. 1. Theoretical values of relative filling factor calculated 
disregarding the non-resonating harmonic components: 
a - for single acting cylinder, b - for double acting 
cylindel"; - tor if. "' 1,14 
---- for de = 1,40 
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Fig. 3. Diagrams a! dependence ~. = t (p.J 
tor various rotational speeds ot compressor. 
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Fig. 4. Diagrams of depeDdences Ne = t(p•J, Vd = t(p~ 
and qe "' t (p.J tor rotational speed n = 3015 (rpm) ; 
---- lllithout inlet piping, 
----- with inlet piping. 
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